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(57) ABSTRACT 

In the manufacturing method of array substrates for use in 
flat panel display devices including liquid crystal display 
(LCD) devices, it is aimed to prevent failure of interlayer 
dielectric film due to wiring deformation or the like while 
reducing the resistivity of wiring. It is also aimed to prevent 
corrosion of a metal wiring layer at the etching process and 
to thereby prevent deterioration of production yield due to 
corrosion. According to the method of the invention, to form 
scanning lines (111), an aluminum-neodymium alloy (Al- 
Nd) film (1110) is deposited in 300 nm thickness on the first 
hand, and then 50 nm thick Mo film (1110) is deposited 
thereon. Subsequently, gate insulator films (115 and 117) are 
formed by CVD processes at a substrate temperature of 350° 
C, Further, an etching process for forming pixel electrode 
(131) is carried out by HBr, HI, Oxalic add or a mixture 
Uquid containing at least one of these acids. 

13 Claims^ 12 Drawing Sheets 
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METHOD OF MANUFACTURING ARRAY wiring, the manufacturing method requires an anodic oxi- 

SUBSTRATE dation processing including a mask-forming process, and 

requires extra wiring patterns for voltage supply for the 
anodic oxidation processes. Thus, a restriction arises in 

BACKGROUND OF THE INVENTION 5 designing of gate wiring patterns, which are wiring patterns 

1. Field of the Invention for scanning lines and gate electrodes. This restriction leads 
The present invention relates to the manufacturing to lower productivity and lower freedom in designing. 

method of array substrates for use in flat panel display In otherwise, there come to arise an idea of adopting 

devices including liquid crystal display (LCD) devices. wiring patterns solely made of aluminum. However, in this 

2. Description of the Related Art wiring pattern, deformation such as a hillock may occur. 
In the recent years flat panel display devices are more That is a phenomenon where portion of the wiring protrudes 

frequenUy developed to replace conventional cathode-ray ^ thickness-wise direction. Forming of the hillock on the 

tube (CRT) unit^ in particular, LCD devices are becoming wiring leads to deterioration of interiaycr dielectric property 

commercially attractive more and more due to their advan- of dielectric fihns, remarkably decreasing production yield 

tage such as light weight, thinness, low power consumption ^® ^^^V substrate. 

and the like. Moreover, there has been a problem in that, at an etching 

As one typical prior known LCD devices, a light trans- process for forming pixel electrodes, its etchant penetrates 

missive active-matrix LCD device wiU now be described into the Al wiring layer to corrode the Al, so as to lower the 

herein which comes with a plurality of switch elements each ^ production yield. 

of which is at a respective one of picture elements. The SUMMARY OF THE INVENTION 
active-matrix LCD device includes a liquid crystal layer 

held between an array substrate and a counter substrate with The invention aims to secure low-resistivity of the wiring 

orientation films being provided between the liquid crystal and yet effectively prevent interlayer short-circuit caused by 

layer and any one of such substrates. The array substrate has, the deformation of the wiring. The invention also aims to 

on a transparent insulative substrate made of glass, quartz or prevent corrosion of the wiring metal layer during the 

the like, a plurality of signal lines and a scanning lines etching process, and thereby prevent decrease of production 

arranged in a matrix form. At each of such crosspoints, a thin yield. 

film transistor (abbreviated to "TFT" hereinafter) made of The invention according to claim 1 provides a method of 

semiconductor thin film such as amorphous silicon (referred manufacturing an array substrate for a display device having 

to as "a-Si:H") is connected to the lines. The TFT has a gate a scanning Une and gate electrode on a substrate; a thin film 

electrode electrically connected to a corresponding one of transistor having a gate insulator film on said scanning line 

the scanning lines, a drain electrode electrically connected to and gate electrode, a semiconductor film thereon, source and 

a corresponding signal line, and a source electrode electri- drain electrodes electrically connected to said semiconduc- 

cally connected to a transparent conductive material consti- tor film; a signal line as taken out of the drain electrode to 

tuting an associated pixel electrode, which material may be extend substantiaUy perpendicularly to said scanning line; 

indium-tin-oxide (ITO). and a pixel electrode electrically connected to the source 

Ibe counter substrate is constituted firom a glass substrate electrode, comprising steps of: forming said scanning line 

on which an counter electrode made of ITO is disposed; and gate electrode by patterning a multi-layer metal film 

where displaying of color images is required, a color filter ^ having an aluminum alloy layer and a refractory metal layer; 

layer wiU be additionally provided thereon. and depositing said gate insulator film in direct contact with 

With respect to the above-described active-matrix LCD said scanning line and gate electrode at a temperature not 

device, construction of the array substrate will be further less than 300° C. 

described by an example having TFTs equipped with chan- The above construction of the scanning line is exemplified 

nel protective films. 45 as follows. As an Al alloy, an aluminum-neodymium alloy 

Ibe scanning lines are formed of aluminum (Al) and (Al — Nd) of 2 atomic % neodymium is deposited in 300 nm 
anodic -oxidized coating layer, which coating layer is formed thickness. Then, a refractory metal is deposited on the Al 
by anodic oxidation processing on surface layer of the Al in alloy. Thus formed multi-layer film is subjected to a taper- 
electrolytic solution. Storage capacitor lines are formed in shape-forming processing to form scanning lines, 
the same manner. 50 Subsequently, a gate insulator film is formed by plasma 

Manufacturing method of these lines is as follows: firstly, CVD techniques at substrate temperature of 350** C, 
an Al layer is deposited on a glass substrate by sputtering Due to this multi4ayer formation by an Al alloy layer and 
technique and then subjected to a patterning treatment to a refractory metal layer, no deformation of the Al layer and 
form a prescribed Al wiring pattern; then, certain region of no failure of the dielectric fihn take place without causing 
the wiring pattern is selectively covered with anodic- 55 decrease in the production yield of the array substrates, 
oxidation-proof masking material such as resist, to leave Thus, a wiring resistivity same or lower than that of prior art 
certain Al pattern in the region intact; subsequently, by can be accomplished without causing decrease in the pro- 
applying a prescribed voltage onto the Al pattern, an Al duction yield. 

oxide layer is formed on the Al wiring pattern to prescribed At a process step for forming said pixel electrode, even 

thickness, for example to 20Q-300 nm. In this way, the 60 when an etching process is carried out by hydrobromic acid 

scanning lines, gate electrodes and storage capacitor lines (HBr^aq), hydroiodic acid (HI»aq), oxalic acid ((C00H)2) 

are formed. Subsequently, active portion of the TFT, the or a mixture liquid containing at least one of these acid, or 

pixel electrode, the signal lines, and the source and drain even when a dry-etching process is carried out, the Al alloy 

electrodes are formed in a step-by-stcp manner, to complete undergoes no damage from such etching agents because the 

the array substrate of the active-matrix LCD device. 65 refractory metal and the gate insulator film are disposed 

However, because anodic-oxidized films have to cover the between the etching agents and the scanning line comprised 

surface of the aluminum wiring that is a low-resistivity of Al aUoy. 
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BRIEF DESCRIPTION OF THE DRAWINGS The array substrate 100 also includes 1,920 signal lines 
, ^ 110, which lines extend to intersect the scanning lines 111 at 

FIG 1 IS a diagram schematically showing a plan view of s^bstantiaUy right angles on the glass substrate 101. Each 

part of an array substrate in accordance with one preferred signal line 110 is taken out to run towaid the other edge 1016 

embodiment of the present invention. j of the glass substrate 101, and is electrically connected via 

FIG. 2 is a schematic cross-section of the liquid crystal a slant wiring line section 160 to a corresponding signal line 

display device taken along b"nc A — ^A' in FIG. 1. connection pad 162. 

FIG. 3 is a schematic cross-section of the liquid crystal The signal tines 110 has a three-layer structure, consisting 

display device taken along tine B — B' in FIG. 1. of a first layer made of Mo, a second layer made of Al, and 

FIG. 4 is a schematic cross-section of the liquid crystal lo ^ ^^^^ ^^y^^ ^lade of Mo. 

display device taken along line C — C' in FIG. 1. A TFT 112 is disposed near each of the cross-points of the 

FIG. 5 is a schematic cross-section of the liquid crystal ^""^"^'f f ^/IJij^^^^^^- f^f'^^^l 

display device taken along line D— D' in FIG. 1. electrode 131 which is made of ITO and coupled to TFT 112 

^ . , . , is disposed over the scanning line 111 and signal line 110 

no. 6 IS a schematic cross-s^Uon of the liquid crystal ^^^^ ^^^^^^^^ -^^^ 

display device taken along tine E-F m FIG. 1. ^^etween. This interlayer dielectric film 127 may be an 

FIG, 7 IS a diagram for explanation of a first step in the inorganic dielectric film made of silicon nitride, silicon 

manufacture of the array substrate shown in FIG. 1. oxide or the tike, or an organic resin coated film of acryl- 

FIG. 8 is a diagram for explanation of a second step in the based material; preferably, the interlayer dielectric film is 

manufacture of the array substrate shown in FIG. 1. 20 constituted from a multi-layer fihn of a combination of such 

FIG. 9 is a diagram for explanation of a third step in the inorganic dielectric fihn and organic resin coated film 

manufacture of the array substrate shown in FIG. 1, thereby further improving the surface flatness and interlayer 

FIG. 10 is a diagram for explanation of a fourth step in the ^electricity. ^^^^^ 

manufacture of the array substrate shown in FIG. 1. (Stwcture of TTT" Region) 

. ^. . , r . • 25 An explanation Will be given of the Structure of TFT 112. 

FIG. U IS a diagram for explanation of a fifth step m the ^ach scanning line 111 includes a fine strip-shaped elon- 

manufacture of the array substrate shown m FIG. 1. ^^^^ ^^^^^ ^3 ^^^^^^^^ .i^^g ,tie signal line 110 to 

FIG. 12 is a diagram for explanation of a sixth step in the overlap the edges 131a, 131fc of one neighboring pixel 

manufacture of the array substrate shown in FIG. 1. electrode 131. As shown in FIG. 6, the pixel electrode 131 

FIG. 13 is a diagram for explanation of a seventh step in 30 and the elongate region 113 from a next scanning line 111 

the manufacture of the array substrate shown in FIG. 1. with respect to the scanning line 111 for the pixel electrode 

131 overlap each other at certain overlap region (OS), with 

BEST MODE EMBODYING THE INVENTION a firel gate insulator film 115, a second gate insulator film 

Adescription will now be given of a Uquid crystal display ^^'^ interlayer dielectric film 127 being laid 

(LCD) device 1 in accordance with an embodiment of the therebetween, causing such overlap region (OS) to consti- 

present invention with reference to FIGS. 1 through 13. ^^^^ ^ ^^^^^g^ capacitance (Cs). Further, with this 

T y-irx J • t ' r 1- . ■ • A embodiment, the pixel electrode 131 overlaps the prestage 

■nm LCD device 1 ,s of the light transmisstvc type ^ ^ ^ ^j^^ .^^^j^,^^ ^ 

capawe oi cuspiaymg color images As snown in no. ^ j^^^^j^^^^ ^^^^ ^ 

interlayer dielectric 

LCD device 1 has an array substrate 100, an counter ^„ «! 'i-^t S.,^ ^ fi.wK^r ^„^^io« ^^^^^ x^.uLu ^i^^ 

u * * ifift J * ■ * J AT^rt 1- J * 1 u ij ^0 127 to rorm a rurther overlap region wnicn also con- 
substrate 200, and a twisted nematic (TN) liqmd crystal held 4 * * *u , rr^ \ 
♦u u * ♦u u ■ * *• «i 'yA^ d ■ 1 J stitutes the storage capacitor (Cs). 
therebetween through onentation fihns 141, 241 being laid ^ ^^„„to, cTtK^+^f*^ -^nn n«.o,r 
. ^ J u * ♦ tnn-ynn tv • * fii Counter substrate 200 opposmg this array substrate 
between it and substrates 100,200. These orientation films • j- j i u * * -lAt j • i j 
^.^-.^ , - i. j 1... 100 IS disposed on a glass substrate 201, and includes a 
141, 241 are made of polyimide resm. Also, polanzalion ^ . u j t- u» u- u- ci -m j r u 
1 / 11 J . . J o maU-ix-shaped light shieldinc film 211 made of a chosen 
plates 311, 313 are adhered to the outer surfaces or array . * • i i? u u- u r u* * j 4U tt^i'^i 
u . J . ^^*x . . 45 resm matenal wmch shields light rays towards the TFT 121 
substrate 100 and counter substrate 200, respectively. . c »u • u .u • i i * j 

' ^ ^ region and from the gap spacmg between the pixel electrode 

FIG. 1 shows a schematical plan view of the array 131 and any one of signal lines 110 and scanning tines 111. 

substrate 100, wherein the lower side of this drawing is to be ^ ^y^j ^^^^j 221 having three color components of red (R), 

located at the upper side of the display screen of LCD device ^^^^^ y^y^^ Qg^ disposed in a certain region 

1 while allowing scanning lines to be successively selected 50 corresponding to the pixel electrode 131. Provided on this is 

in the sequence firom the lower to the upper side of the another counter electrode 231 made of a transparent con- 

illustration. ductive material. 

Tbe array substrate 100 includes 480 scanning lines 111 as with the array substrate 100 of this LCD device 1 thus 

disposed on a glass substrate 101. One end of each scanning ananged, since the interlayer dielectric fihn 127 alone or 

line 111 is taken out to extend toward one edge lOla of the 55 both the first and second gate insulator films 115, 117 and 

glass substrate 101, and is electrically connected through a interlayer dielectric film 127 are disposed between the pixel 

slant wiring line section 150 to a corresponding one of electrode 131 and any one of signal lines 110 and scanning 

scanning tine connection pads 152. lines 111, it is possible for pixel electrode 131 to be disposed 

The scanning lines 111 have a double-layer sUiicture, sufficiently close to or over respective wiring tines 110, 111, 

consisting of Alurainum-Neodymium (Al — ^Nd) alloy film 60 thereby enabling achievement of increased aperture ratio. 

1110, Nd content of which is 2 atomic %, and molybdenum Another advantage of the illustrative embodiment is that 

(Mo) film 1111. The term atomic % stands for a molar % in since the storage capacitor (Cs) is formed between the pixel 

which number of atoms is taken as elementary entity; that is electrode 131 and the elongate region 113 extended from 

a percentage calculated as follows — ^number of atoms (molar one scanning line 111 neighboring to such pixel electrode 

number) of additive element is divided by number of atoms 65 131, it is no longer necessary to employ any extra storage 

(molar number) in whole of the alloy, and then multiplied by capacitor wiring tines enabting achievement of further 

100. increased aperture ratio. Especially, in this embodiment, 
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because TFT 112 is constituted using as its gate electrode a 111, that is, even when in the structure of FIG. 6 the elongate 

specific region taken out of the signal line 110 to extend region 113 being disposed neighboring through the signal 

along the signal line 110, it becomes possible for pixel line 110 is connected under the signal line 110, since the 

electrode 131 to overlap the prestage scanning line 111 per semiconductor film 120 in addition to respective insulator 

se. This may advantageously serve to attain sufficient stor- 5 fihns 115,117 is disposed between the signal line 110 and the 

age capacitor (Cs) while enabling achievement of high elongate region 113 of scanning line 111, any interlayer 

aperture ratio. shorting can be prevented from occurring due to static 

Also, since three kinds of insulator or dielectric films 115, electricity, contaminants during processes or pinholes within 

117, 127 are laminated and disposed between the pixel respective insulator films 115,117, attaining high manufac- 

clectrode 131 and the scanning Une 111 and between the lo turing yield. And, with such an arrangement causing the 

pixel electrode 131 and elongate region 113, it is possible to elongate region 113 to be disposed under the pixel electrode 

successfully suppress occurrence of electrical interlayer 131 neighboring to signal line 110, the capacitive coupling 

shorting due to the inherent structure of the embodiment. between signal line 110 and pixel electrode 131 can be 

Incidentally, in this embodiment, the pixel area is defined shielded by elongate region 113 lightening adverse interfer- 

in planar size not by the light-shield film 211 disposed on the 15 ence of the potential at pixel electrode 131 with potential 

counter electrode 200, but by the scanning line 111 and its changes of signal line 110. Yet, the semiconductor film 120 

elongate region 113 on the array substrate 100. Accordingly, as disposed between signal line 110 and insulator films 

the alignment accuracy of the product is dependent solely 115,117 and low-resistance semiconductor film 124fl are 

upon an alignment accuracy of a first mask pattern for use identical in outline with signal Hne 110, For these reasons, 

in patterning scanning lines 111 to a fifth mask pattern for 20 it is permissible that signal line 110 and pixel electrode 131 

patterning pixel electrodes 131, rather than depending on an are located closely to each other attaining further increased 

alignment accuracy of the array substrate 100 to counter aperture ratio. 

substrate 200. This may avoid the need to add extra margins (Structure near Outer Periphery of Scanning Line) 

to the width of light shield film 211 in view of possible A reference is made to FIGS. 1 and 3 for explanation of 

alignment variations of the array substrate 100 to counter 25 the structure near the outer peripheral section of scanning 

substrate 200, thus enabling accomplishment of further line 111. 

increased aperture ratio. The scanning line 111 is taken out on the side of one edge 

Yet another advantage of the embodiment is that even lOla of the glass substrate 101, constituting a lower-layer 

when the elongate region 113 of scanning line 111 is fully wiring line section 111a that is guided toward a slant wiring 

extended along the edges 131fl, 1316 of pixel electrode 131 30 line section 150 and a scanning-line connection pad 152. 

along the signal line 110 in order lo define the boundary of In the slant wiring line section 150 two laminated insu- 

pixel area, it is possible to suppress or eliminate an excessive lator films 115,117 are disposed on the lower-layer wiring 

increase in storage capacitor (Cs) without degrading the line section lUa as extended from the scanning line HI. 

productivity. This can be said because the interlayer dielec- Also provided on these two insulator films 115,117 are a 

trie fikn 127 is disposed — in addition to the first gate 35 semiconductor coated film 119, a low-resistance semicon- 

insulator film 115 and second gate insulator fihn 117— ductor coated film 123 and an upper-layer wiring line section 

between the pixel electrode 131 and the elongate region 113 125a consisting of a Mo — alloy film being same as signal 

of scanning line HI. line 110 in material and in process, which are laminated 

A further advantage of the embodiment is that, as shown sequentially. An interlayer dielectric film 127 is formed on 

in FIG. 5, the signal line HO is exactly identical in outline 40 the upper-layer wiring line section 125fl- 

to a low-resistance semiconductor film 124a and semicon- And, in the base section of this slant wiring line section 

ductor film 120. More specifically, not only the first and 150, a first contact hole 153 and a second contact hole 154 

second gate insulator films 115,117 but also the low- making a pair are disposed closely to each other in the 

resistance semiconductor film 124a and semiconductor film wiring-line direction, whereby the lower-layer wiring line 

120 are laminated at the individual one of crosspoints of 45 section 111a which is extended from the scanning hne 111 

signal lines 110 and scanning lines 111. Due to this, even on and the upper- layer wiring line section 125a are electrically 

occasions where mask deviations take place during pattern- connected to each other by the signal line connection layer 

ing process steps, the capacitance can remains unchanged 131, which is the same in material (ITO, here) and process 

between the signal lines 110 and scanning lines 111, thereby as pixel electrode 131, through the first contact hole 155 and 

suppressing variations or fluctuations in scanning-line so second contact hole 156. Note that the second contact hole 

capacitance or in signal-line capacitance among devices 154 is an opening penetrating the two-layered insulator films 

manufactured. Moreover, this may suppress or eliminate 115,117, semiconductor coated film 119, low-resistance 

interlayer shorting otherwise occurring due to static elec- semiconductor coated film 123 and upper-layer wiring line 

tricity at crosspoints of signal lines 110 and scanning lines section 125a causing the principal surface of the lower-layer 

111, contaminants during process steps, or presence of 55 wiring line section Ula to be partly exposed, whereas the 

pinholes in respective insulator films 115,117, thus enabling first contact hole 153 is an opening penetrating the interlayer 

provision of higher yield of production. dielectric film 127 exposing part of the principal surface of 

A still further advantage is that since the signal line 110 upper-layer wiring line section 125a. 

coincides in outline with low-resistance semiconductor film In the scanning line pad 152 also, a pair of first contact 

124a as shown in FIG. 6, unlike the prior art causing 60 hole 155 and second contact hole 156 are disposed closely 

patterning to be done at separate process steps, it is possible to each other in the wiring-line direction, whereby the 

to sufficiently suppress occurrence of capacitive variations lower-layer wiring hne section 111a of scanning line 111 and 

between the signal lines 110 and scanning lines 111 even if the upper-layer wiring Une section 125a are electrically 

mask alignment deviations take place during respective connected by the signal line connection layer 131 — this is 

patterning steps. 65 the same in material (ITO, here) and process as pixel 

A yet further advantage is that when the signal line 110 is electrode 131 — to each other through the first contact hole 

designed to overlap the elongate region 113 of scanning line 155 and second contact hole 156. Note that the second 
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contact hole 156 is an opening penetrating the double- conductor coated film 123 and upper-layer wiring line 

layered insulator films 115,117, semiconductor coated film section 125fc causing the principal surface of the lower-layer 

119, low-resistance semiconductor coated film 123 and wiring line section 111b to be pardy exposed, whereas the 

upper-layer wiring line section 125a causing the principal first contact hole 163 is an opening penetrating the interlaycr 

surface of the lower-layer wiring line section 111a to be 5 dielectric film 127 exposing part of the principal surface of 

partly exposed in the same manner as in the second contact upper-layer wiring line section 125b. 

hole 154 as mentioned above; the first contact hole 155 is In the signal line pad 162 also, a pair of first contact hole 

similar to the aforesaid first contact hole 153 in that it is an 165 and second contact hole 166 are disposed closely to each 

opening penetrating the interlayer dielectric film 127 expos- other along the wiring-line direction, whereby the upper- 

ing part of the principal surface of upper-layer wiring line lO layer wiring line section 125^? extended from signal line 110 

section 125a. and the lower-layer wiring line section 111b are electrically 

With such an arrangement, the resulting slant wiring line connected to each other by the signal line connection layer 

section 150 of scanning line lU is constituted from the 131, which is the same in material (ITO, here) and process 

upper-layer wiring line section 125a as comprised of a as pixel electrode 131. Note that the second contact hole 166 

Mo — W aUoy film that is fabricated using the same material is is an opening penetrating the double-layered insulator films 

and same process as the signal line 110 subjected to pat- 115,117, semiconductor coated film 119, low-resistance 

terning separately, and the lower-layer wiring line section semiconductor coated film 123 and upper-layer wiring line 
111a as extended from the scanning line 111 made of Al — section 1256 causing the principal surface of the lower-layer 

alloy film; by these two layers, the base section of slant wiring line section 111b to be partly exposed in the same 

wiring line section 150 and scanning line pad 152 are 20 maimer as in the second contact hole 164 as discussed 

electrically connected together. previously; the first contact hole 165 is similar to the 

Due to such structure, in the slant wiring line section 150, aforesaid first contact hole 163 in that it is an opening 

even if it is happen that any one of upper-layer wiring line penetrating the interlayer dielectric film 127 exposing part of 

section 125a and lower-layer wiring line section Ilia is the principal surface ofupper-layer wiring line section 1256. 

broken or open-circuited accidentally, the other of them still 25 With such a structure, in the slant wiring line section 160, 

remains connected successfully suppressing or eliminating the upper-layer wiring line section 1256 as extended from 

failure of electrical interconnection at slant wiring line the signal line 110 and the lower-layer wiring line section 

section 150. 1116 comprised of the same material as scanning lines 111 

Further, sufficient reduction in resistance can be accom- and fabricated in the same process as scanning lines 111 are 

plished because of the fact that the slant wiring line section 30 disposed in lamination; by these two layers, the base section 

150 includes the lower-layer wiring line section 111a formed of slant wiring line section 160 and the signal line pad 162 

of Al — alloy that is one low-resistance material employing are electrically coupled together. 

Al as its major component. Due to this, in the slant wiring line section 160, even on 

It should be noted that in this embodiment, the region of occasions where any one of upper-layer wiring line section 

second contact hole 156, that is, the laminated region of 35 1256 and the lower-layer wiring line section 1116 is broken 

lower-layer wiring line section Ilia and signal line connec- to be open-circuited, the other thereof still remains con- 

tion layer 131 mainly functions as an interconnection region nected suppressing or eliminating failure of electrical inter- 

of the scanning line pad 152. connection at slant wiring line section 160. 

(Structure near Outer Periphery of Signal line) Furthermore, sufficient reduction in resistance can also be 

A reference is made to FIGS. 1 and 4 for explanation of 40 accomplished since the slant wiring line section 160 

the structure near the outer peripheral section of signal lines includes the lower-layer wiring line section 1116 formed of 

110. Al — ^Nd alloy that is a low- resistance material. 

A lower-layer wiring line section 1116, which is the same It should be noted that in this embodiment, the region of 

in material and in process as scanning lines 111, is disposed second contact hole 166, that is, the laminated region of 

at the slant wiring line section 160 of signal line 110 and the 45 lower-layer wiring line section 1116 and signal line oonnec- 

signal line pad 162 on the side of one edge 1016 of glass tion layer 131 acts as the major interconnection region of the 

substrate 101 in a one-to-one correspondence manner with signal line pad 162. 

each signal line 110. With the arrangement as described above, where external 

In the slant wiring line section 160 two layers of insulator connection nodes — including a bump of driver IC, terminals 

films 115,117 are disposed on the lower-layer wiring line 50 of flexible printed circuit (FPC) board, tape carrier package 

section 1116. Provided on such two-layered insulator films (TCP) or the like — are to be electrically connected to the 

115,117 are semiconductor coated film 119, low-resistance signal line pads 162 and scanning line pads 152 by way of 

semiconductor coated film 123 and upper-layer wiring line an interconnection layer(s) such as anisotropic conductive 

section 1256 as extended from signal line 110 while causing fihns (ACFs), even when the signal line pads 162 and 

the interlayer dielectric film 127 to be disposed on the 55 scanning line pads 152 are equal in connection conditions, 

upper-layer wiring line section 1256. it becomes possible to substantially equalize heat and pres- 

And, in the base section of this slant wiring line section sure or the like as applied to such interconnection layers due 

160, a first contact hole 163 and a second contact hole 164 to the fact that the signal line pads 162 and scanning line 

forming a pair are disposed closely lo each other in the pads 152 are substantially the same in arrangement, enabling 

wiring-line direction, whereby the upper-layer wiring line 60 manufacture under the same condition. Specifically, with 

section 1256 which is extended from the scanning line 111 this embodiment, the connection region of each scanning 

and the lower-layer wiring line section 1116 are electrically Une pad 152 is mainly constituted from the lamination 

connected to each other by signal line connection layer 131 structure of the lower-layer wiring line section Ula as taken 

same in material — ITO, here — and process as pixel elec- out of a corresponding scarming line 111 and the signal line 

trode 131. Note that the second contact hole 164 is an 65 connection layer 131 made of ITO that is the same as the 

opening penetrating the double-layered insulator films 115, material constituting pixel electrodes 131; on the other hand, 

117, semiconductor coated film 119, low-resistance semi- the connection region of each signal line connection pad 162 
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is mainly constituted from the lower-layer wiring line sec- tion of lower-layer wiring line sections llla^ each of which 

tion 1116 as formed simultaneously with fabrication of constitutes the slant wiring line section 150 of scanning line 

scanning lines 111, and the signal line connection layer 131 111 and scanniag line pad 152 on its one edge 101a side, and 

made of ITO that is the same as the material constituting lower-layer wiring line sections 1116 each constituting slant 

pixel electrodes 131, \^erein the structure is substantially S wiring line section 160 of signal line 110 and signal line pad 

the same. 162 on the side of another edge 1016 of the glass substrate. 

(Manufacturing Process of Array Substrate) Further, in the TFT region, a gale electrode is formed 

A method of forming or manufacturing the array substrate which is integral with a corresponding scanning line 111 and 

100 will be described in detail with reference to FIGS. 7 is taken out to extend in a specific direction at right angles 

through 13. lO to scanning lines 111. At the patterning process step elongate 

(1) First Process Step regions 113 are also fabricated simultaneously each of which 

An Al — Nd alloy film and an Mo film are sequentially is taken out to extend in the perpendicular direction to 

deposited by sputtering techniques on the glass substrate 101 scanning lines 111 for formation of the storage capacitor 

to a thickness of 300 nanometers (nm) and to 30 nm, (Cs) required (see FIG. 1). 

respectively, 15 (2) Second Process Step 

Thickness of the Mo film in the range of 50-500 nm, After completion of the first step, as shown in FIG. 8, a 

preferably 50-300 nm, is proper When the thickness is less first gate insulator film 115 made of silicon oxide (SiOj^.) is 

than the 50 nm, the hillock on the Al film is not sufficiently deposited using atmospheric-pressure plasma chemical 

suppressed. Meanwhile, when the thickness exceeds the 500 vapor deposition (CVD) techniques to a thickness of 150 nm 

nm, a problem of at-step-portion discontinuation of the 20 while heating the glass substrate 101 to a temperature not 

insulator film arises. less than 300** C, preferably not less than 330° C. 

As for an Al alloy film, even in the case where an Thereafter, using low-pressure CVD techniques at a sub- 
aluminum-yttrium film (Al — Y film, 2 atomic % of Y) is strate temperature in the same range with the above, a 
adopted for example, things goes on almost the same manner second gate insulator film 117 made of silicon nitride (SiNj^) 
with the case where the Al — Nd alloy film is adopted. An 2S 150 nm thick, a 50 nm thick semiconductor coated film 119 
aluminum-gadolinium film (Al — Gd film, 2 atomic % of made of a-Si:H, and 200 nm thick silicon-nitride channel 
Gd), an aluminum-scandium film (Al — Sc film, 2 atomic % protective coated film 121 are formed sequentially in this 
of Sc) or the like may also be used. order without exposing them to atmosphere. 

The Al alloy film undergoes heat-treatment effects by By heating the glass substrate 101 at a temperature not 

film-forming process of plasma CVD techniques or the like. 30 less than 300** C. during the film-forming process, it is easy 

And, only impurity ingredients segregated to the vicinity of to obtain an insulator film having dielectric strength of 

inter-crystal-grains surface, so as to obstruct moving of Al 5x10* V/cm. 

atoms. The impurity ingredients also exists in polycryslal- For each of the first gate insulator film 115 and the second 

line structure, so as to increase the resistivity by about 30%. gate insulator film 117 which are mentioned above, a sili- 

Content of the above additive elements in the Al alloy 35 cone nitride film may be adopted. By adopting a silicone 

ranges preferably from 0.5 to 10 atomic %, more preferably nitride iilm, in addition to the aforementioned dielectric 

from 1 to 3 atomic %. When the content of the additive strength, it become easy to obtain an optical band gap value 

elements is below 03 atomic %, the effect of preventing not less than 5 eV. 

hillocks by raising apparent melting point or softening In otherwise, the SiO;^ film, which constitutes the above- 
temperature is not sufficient in many cases. Meanwhile, 40 mentioned first gate insulator film 115, may be replaced by 
when the content of the additive elements exceeds 10 atomic an SiO^ film that is formed in use of a thermal CVD 
%, it is undesirable because resistivity and production cost technique by heating the glass substrate 101 to a temperature 
are increased. not less than 300° C, preferably not less than 465° C. Even 
The Al alloy film may be an alloy film that contains at in this case, the hillock is almost suppressed due to synergy 
least two additive elements selected from among Sc, Y, Nd, 45 effect of Al alloy and Mo, although the heat treatment should 
samarium (Sm), and Gd. In this case, it is preferable to set give rise a concern of the hillock formation on Al film, 
sum of the contents of additive elements in the range of (3) Third Process Step 

0.5-10 atomic %. For a specific example, we can cite a film After the second step, as shown in FIG. 9, the channel 

of Al — ^Nd — Y alloy containing 1 atomic % of Nd and 1 protective coated film 121 is subject using rear-surface 

atomic % of Y, or the like. so exposure techniques to patterning process with the scanning 

As for a refractory metal to be deposited on the Al alloy lines HI being as a mask while the coated fihn 121 is 

film to form a multi-layer fihn, any one metal selected from self-aligned with scanning lines 111, and is then subject to 

a group consisting of molybdenum (Mo), tungsten (W), exposure process using a second mask pattern to ensure that 

titanium fli), tantalum (Ta), chromium (Cr), zirconium (Zr) it corresponds to each TFT region. Thereafter, development 

and hafnium (Hf), vanadium (V) and niobium (Nb) may be 55 and patterning (second patterning) are performed to fabri- 

used. In otherwise, any one alloy comprised of two or more cate an island-like channel protective film 122. 

metals selected from this group may be used. Among these (4) Fourth Process Step 

refractory metals, molybdenum (Mo), tungsten (W), tita- After completion of the third step, as shown in FIG. 10, 

nium (Ti), tantalum (Ta) are preferable. surface treatment using hydrogen fluoride (HF) solution is 

On the multi-layer film, a pattern of scanning-lines and a 60 applied to the surface of a semiconductor coated film 119 as 
part of storage capacitor lines are formed by use of photo- exposed to obtain good ohmic contacts. Then, a low- 
lithography techniques. Then, an etching process is carried resistance semiconductor coated film 123 which is made of 
out in a taper-shape forming manner, using an acid mixture n* type-doped amorphous silicon (n*a-Si:H) containing 
consisting of phosphoric acid, acetic acid or nitric acid, to therein phosphorus (P) impurity is deposited by low- 
complete scanning lines and storage capacitor lines pattern. 65 pressure plasma CVD techniques to a thickness of 30 nm. 

This results in formation of 480 scanning lines 111 on the Next, using sputtering techniques, there is deposited a 

glass substrate 101 while permitting simultaneous fabrica- three-layer film 125 of 300 run thick having a three-layer 
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Structure, consisting of the first layer in which Mo is corresponding to the openings 164^,166^ are removed away 

predominant, the second layer in which Al is predominant, at a time forming second contact holes 164,166 (the fourth 

and the third layer in which Mo is predominant. patterning); at the same time, the interlayer dielectric film 

(5) Fifth Process Step 127 near the second contact holes 164,166 is removed away 
After completion of the fourth step, as shown in FIG. 11, 5 forming first contact holes 163,165 which constitute pairs 

the resulting structure is subject to exposure and develop- with the second contact holes 164,166, respectively, 

ment process using a third mask pattern so that all of the (7) Seventh Process Step 

three-layer film 125, low-resistance semiconductor coated After completion of the sixth step, as shown in FIG. 13, 

film 123 and semiconductor coated film 119 are patterned by an ITO film is deposited by sputtering techniques to a 

plasma etching techniques at a time by controlling the lo thickness of 100 nra. The resulting structure is then subject 

selective etching rate of the first gate insulator film 115 or to patterning treatment by exposure, development and dry 

second gate insulator film 117 and the channel protective etching techniques using a fifth mask pattern (the fifth 

film 122. This is the third patterning process. patterning), thereby forming pixel electrodes 131. 

With such a process, in the TFT region, the low-resistance The sputtering for ITO film was carried out at following 

semiconductor film 124fl and source electrode 1266 are 15 conditions so as to deposit an amorphous ITO fikn. A taiget 

formed integrally, whereas low-resistance semiconductor made by Mitsui Mining and Smelt Co. was used; charging 

film 124b and its associated signal line 110 are formed electric power on Sputtering was set at 3.5 kW; pressure at 

integrally film-forming process was set at 0.7 Pa; flow rate of H^O was 

In the base section of the scanning line pad 152 and its set at 0.5 seem. Thus formed ITO film had a sheet resistivity 

associative slant wiring line section 150, the three-layer film 20 of 400 Q/D. 

125 is patterned along the lower-layer wiring line section This amorphous ITO film was then subjected to the 

lllfl forming the upper-layer wiring line section 125a, while patterning treatment by use of etching techniques, and 

the low-resistance semiconductor coated film 123 and semi- subsequently subjected to heat treatment for converting the 

conductor coated film 119 are patterned simultaneously film to a crystalline ITO fihn having a low resistivity. When 

along the upper-layer wiring line section 125fl. At the same 25 a completed array substrate was subjected to heat treatment 

time, openings 154a,156a are formed which correspond to at 250° C. for 30 min., the resulted ITO film have a sheet 

the aforementioned second contact holes 154,156 and pen- resistivity of 50 Q/D, which is sufficiently low enough, 

etrate the upper-layer wiring line section 125a, low- The patterning treatment is facilitated by conducting the 

resistance semiconductor coated film 123 and semiconduc- patterning treatment at the state of amorphous ITO film as 

tor coated film 119. 30 above. 

Similarly, at the base section of the signal line pad 162 and On the other hand, while pixel electrodes are explained to 

slant wiring line section 160 also, the three-layer film 125 is be formed of ITO film in this embodiment, an IZO (Indium- 

patteraed along the lower-layer wiring line section lllfc Zinc-Oxide) film may be adopted in a totally same manner, 

forming the upper-layer wiring line section 125a as In the case of adopting the IZO film, patterning treatment is 

extended from signal line 110, while the low-resistance 35 easily achieved in the same manner with the amorphous ITO 

semiconductor coated film 123 and semiconductor coated film, while its resistivity is sufficiently low enough even 

film 119 are patterned simultaneously along the upper-layer without heat treatment. 

wiring line section 125/?. At the same time, openings 164a, On wet-etching of the ITO film, HBr aqueous solution is 

166a are formed which correspond to the aforementioned used. In this occasion, no damage by the etching is observed 

second contact holes 164,166 and penetrate the upper-layer 40 on the Al alloy film. As for the other etching liquids, 

wiring Hne section 12Sb, low-resistance semiconductor HBr+FeClg, HI aqueous solution, HCl aqueous solution or 

coated film 123 and semiconductor coated film 119. oxalic acid aqueous solution may also be used. 

While dry etching techniques are used here to pattern the At the base section of the scanning line pad 152 and slant 

three-layer film 125, low-resistance semiconductor coated wiring line section 150, a signal line connection layer 131 is 

film 123 and semiconductor coated film 119, wet etching 45 formed electrically connecting the first contact holes 153, 

techniques may alternatively be employed therefor. 155 to second contact holes 154,156. This results in that the 

(6) Sixth Process Step scanning line 111 and scanning line pad 152 arc electrically 
After completion of the fifth step, the interlayer dielectric coupled together by the double-layered slant wiring hne 

film 127 of silicon nitride is then deposited on resultant section 150 consisting of the lower-layer wiring line section 

structure to a thickness of 200 nm. 50 lUa and upper-layer wiring line section 125a. 

Then, as shown in FIG. 12, exposure and development in the base section of the signal line pad 162 and slant 

processes are effected using a fourth mask pattern; next, part wiring line section 160 also, a signal line connection layer 

of interlayer dielectric film 127 in a region corresponding to 131 is formed electrically connecting the first contact holes 

the source electrode 126b is removed away to fonn a contact 163,165 to second contact holes 164,166. This results in that 

hole 129a using dry etching techniques. 55 the signal line 110 and signal line pad 162 are electrically 

At the base section of scanning line pad 152 and slant coupled to each other by the double-layered slant wiring hne 

wiring line section 150, both the interlayer dielectric film section 160 consisting of the lower-layer wiring line section 

127 and the first and second gate insulator films 115,117 Ulb and upper-layer wiring line section 125b. 

corresponding lo the openings 154a ,15 6a are removed away (Advantage of the Embodiment) 

at a time to form second contact holes 154,156 (the fourth 60 With the array substrate in accordance with the foregoing 

patteming); simultaneously, the interlayer dielectric film 127 illustrative embodiment, the array substrate can be formed or 

near the second contact holes 154,156 is removed to form manufactured by use of basically five masks. More 

first contact holes 153,155 each of which makes a pair with specifically, the productivity can be improved with a 

a corresponding one of the second contact holes 154,156. decreased number of masks used while avoiding a decrease 

Simultaneously, at the base section of signal line pad 162 65 in the manufacturing yield thereof, as a result of locating the 

and slant wiring line section 160, both the interlayer dielec- pixel electrodes at the uppermost position, and of employing 

trie film 127 and the first and second gate insulator films 117 a specific manufacturing method allowing several process 
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Steps to be done simultaneously which steps include: pat- insulator film 115 and other films between the scanning line 

terning the semiconductor coated films as well as the signal lU and the etching gas. 

lines, source and drain electrodes at a time with the same When adopting dry-etching techniques for carrying out 

mask pattern used therefor; forming the contact holes for the patterning process, it is necessary to take into account 

interconnection of each source electrode and its associated S managing or control of abnormal electric discharge, as well 

pixel electrode; and forming the contact holes for exposure as prevention of resist deterioration or the like. However, in 

of contact nodes of signal lines and scanning lines. this case, the etching gas causes no corrosion on "a foun- 

Further, each slant wiring line section of signal lines and dation or a first coat** (aluminum alloy 1110 and the like) 

scanning lines has a double-layered structure consisting of through a pin-hole in insulator films, in contrast with the 

the upper-layer wiring line section constituting an individual 10 case of the above-mentioned wet-etching technique, 

signal line and the lower-layer wiring line section constitut- Moreover, by dry-etching techniques, no problem arises on 

ing a corresponding scanning line permitting electrical con- disposal of chemical liquid, 

nection between the base section of each slant wiring line What is claimed is: 

section and a corresponding pad associated therewith. With 1. A method of manufacturing an array substrate for a 

such a structure, even if either one of such lower- layer 15 display device having a scanning line and gate electrode on 

wiring line section and upper-layer wiring line section is cut a substrate; a thin film transistor having a gate insulator film 

ofl^ or broken to be open-circuited accidentally, the other of on said scanning line and gate electrode, a semiconductor 

them still continues to be connected eliminating occurrence fihn thereon, source and drain electrodes electrically con- 

of unwanted disconnection or failure of electrical intercon- nectcd to said semiconductor film; a signal line as taken out 

nection as a whole. 20 of the drain electrode to extend substantially perpendicularly 

Furthermore, a sufi&cient reduction in resistance can be to said scanning line; and a pixel electrode electrically 

achieved due to the fact that the slant wiring line section connected to the source electrode, comprising steps of: 

includes a specific wiring line layer that is comprised of a forming said scanning line and gate electrode by pattem- 

low-resistance material using at least Al as its major com- ing a multi-layer metal film having an aluminum alloy 

ponent. 25 layer and a refractory metal layer disposed on the 

Still further, since the signal line pads and scanning line aluminum alloy layer; 

pads for use in connecting bumps of external driver ICs depositing said gate ins^ator fiUn in direct contact with 

and/or termmals of TCPs are substanUally the same in ^^^^^^ j^^^ ^^^^^^^ ^ temperature 

structure, it becomes possible to allow the both to be than 300* C • 

connected under the same condition. 30 , . , , . , . 

On the other hand, resistance of a scanning line is about fi!!!'"* *° '^^^'^ transparent electric conductive 

4.1 kQ when 10 /mx of average wiring width and 30.5 cm of ' 

wiring length are adopted for the device of 15-inch diagonal- patterning said amorphous transparent electric conductive 

size XGA. Reduction of the resistance is known to be film for forming said pixel electrode with a wet etching 

achieved when compared with the resistance of about 5.6 kQ 35 technique; and 

for a scanning line having an anodic oxidized Al layer of 200 converting said amorphous fihn to a crystalline transpar- 

nm thick and a remaining Al layer of 200 nm thick (initial ent electric conductive film having a low resistivity, 

thickness of the layer before anodic oxidation is 300 nm). 2. A method of manufacturing an array substrate for a 

Moreover, the embodiment enables omission of anodic display device according to claim 1 wherein said aluminum 

oxidation process including mask forming process for the 40 alloy contains at least one additive element selected from a 

anodic oxidation, thereby making a contribution to improv- group consisting of neodymium (Nd), yttrium (Y), scandium 

ing the productivity. (Sc), samarium (Sm) and gadolinium (Gd), so that the sum 

Further, because the scanning line 111 has a double-layer of content of each of these additive elements in said alumi- 
structure consisting of Al — ^Nd alloy film 1110 and Mo film num alloy ranges from 0.5 through 10 atomic %. 
1111, forming of the hillock at heat treatment is suflScicntly 45 3. A method of manufacturing an array substrate for a 
suppressed. Moreover, because of this double-layer display device according to claim 1, wherein said high- 
structure, good cross-sectional shape tapered toward its melting point metal is any one metal selected from a group 
upper surface (normal taper) is achieved due to etching-rate consisting of molybdenum (Mo), tungsten (W), titanium 
difference. (Ti), tantalum (Ta), chromium (Or), zirconium (ZR) and 
(Modification) 50 hafnium (HQ, vanadium (V) and niobium (Nb), or any one 

A description will now be given of a manufacturing alloy comprised of two or more metals selected from this 

method of an LCD device in accordance with one modifi- group. 

cation of the embodiment. 4. A method of manufacturing an array substrate for a 

In the modification, the etching of the ITO film at the display device according to claim 1, wherein said refi-actory 

seventh process step is carried out in a cathode -coupUng 55 metal is at least one metal selected from a group consisting 

type etching apparatus by a dry-etching technique using of molybdenum (Mo), tungsten (W), titanium (Ti) and 

HI+Ar(argon) gas system, instead of the above-mentioned tantalum (Ta), or an alloy comprised of two or more metals 

wet-etching technique. Except this point, the manufacturing selected from this group. 

method of the modification is in a totally same manner with 5. A method of manufacturing an array substrate for a 

that of the above-mentioned embodiment. 60 display device according to claim 1, wherein said gate 

Advantageous effect obtained by this modification is in a insulator film comprises a silicone oxide film formed by an 

same manner with that of the embodiment. atmospheric-pressure CVD technique. 

Even in the occasions where dry-etching techniques are 6. A method of manufacturing an array substrate for a 

carried out at the process step for forming pixel electrode display device according to claim 1, wherein said gate 

131, the aluminum alloy lUO that forms the scanning line 65 insulator film is a silicone oxide film or a silicone nitride film 

111 undergoes no etching damage from the etching gas, formed by a plasma CVD technique, or any multi-layer film 

because of the presence of Mo film 1111, the first gate comprised of these films. 
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7. A method of manufacturing an array substrate for a 
display device according to claim 1, further comprising 
steps of: 

depositing a semiconductor layer for said semiconduclive 
film, and a second metal layer for said source and drain 
electrodes and signal lines, after forming of said scan- 
ning line and gate electrode and said gate insulator film; 

patterning said semiconductor layer and said second metal 
layer by using a same mask pattern, so as to form said 
thin film transistor and said signal line; and 

forming said pixel electrode disposed upper than said 
second metal layer. 

8. A method of manufacturing an array substrate for a 
display device according to claim 7, comprising a patterning 
step of 

removing a part of said gate insulator film so as to expose 
an upper surface of an extended portion extended from 
said scanning line for forming a contact hole at periph- 
ery of the array substrate, 

before the step of forming said pixel electrode, and after 
the step of forming said thin film transistor and said 
signal line. 

9. A method of manufacturing an array substrate for a 
display device according to claim 8, comprising steps of: 

forming an interlayer dielectric film after the step of 
forming said thin film transistor and said scanning line; 
and 

patterning said interlayer dielectric film, at the same time 
with and on the basis of same mask pattern with the 
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step of removing said gate insulator film, so as to form 
a contact hole for exposing an upper surface of said 
source electrode, and so as to form a contact hole for 
exposing a part of an upper surface of an extended 
portion extended from said signal line at said periphery 
of the array substrate. 

10. A method of manufacturing an array substrate for a 
display device according to claim 7, wherein, through an 
electric-conductive body that is formed simultaneously with 
said pixel electrode, said extended portion of the scanning 
line is in contact with said extended portion of the signal 
line. 

11. A method of manufacturing an array substrate for a 
display device according to claim 7, wherein said refractory 
metal is deposited on said aluminum alloy layer to form said 
multi-layer metal film. 

12. A method of manufacturing an array substrate for a 
display device according to claim 1, wherein said 
transparent, electric-conductive film is a film of amorphous 
ITO (Indium-Tm-Oxide) or a film of IZO (Indium-Zinc- 
Oxide). 

13. A method of manufacturing an array substrate for a 
display device according to claim 1, in said wet etching 
technique, at least one selected from a group of hydrobromic 
acid (HBr*aq), hydroiodic add (HI»aq) and oxalic acid 
{(C00H)2) is used. 
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(57) ABSTRACT 

A liquid crystal display includes a liquid crystal display 
panel having a face and a data/gate pad on the face of the 
liquid crystal display panel wherein the data/gate pad 
includes a metal layer. A dummy pad is also on the face of 
the liquid crystal display panel wherein the dummy pad 
includes an ahgnment pattern therein. In particular, the 
alignment pattern can be a vernier pattern. Related methods 
are also discussed. 
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LIQUID CRYSTAL DISPLAY PANELS 
INCLUDING ALIGNMENT PATTERNS AND 
RELATED METHODS 

FIELD OF THE INVENTION 

The present invention relates to the field of displays and 
more particularly to liquid crystal displays. 

BACKGROUND OF THE INVENTION 

A conventional method for bonding out lead bonding 
(OLB) pads and tape carrier package (TCP) pads is 
described below with reference to FIGS. 1 and 2. The 
dummy pad groups 10 and the data/gate pad group 20 are 
formed on a liquid crystal display (LCD) panel 100 as shown 
in FIG. 1. The dummy pad groups 10 arc formed on both 
sides of data/gate pad group 20. Generally, each of the pads 
in groups 10 and 20 includes a metal pad 12 and a layer of 
indium tin oxide (ITO) 13 formed on one end portion of the 
respective metal pad 12. The dummy pad group also 
includes ITO dummy pads 30, wherein each of the ITO 
dummy pads includes only a layer of ITO. 

Each of the ITO layers 13 and the ITO dummy pads 30 in 
each pad group 10 or 20 correspond to a respective TCP 
OLB pad 40, and are bonded by an anisotropic conductive 
layer (ACL) 50 therebetween, as shown in FIG. 2. The ITO 
layers 13 enable the pad groups 10 and 20 to be bonded with 
the TCP OLB pads 40, and the ITO dummy pads 30 enable 
the misalignment of the pads to be tested as the pads are 
bonded on the basis of the ITO dummy pad 30. 

It may be difBcuU to test misalignment of the ITO dummy 
pad 30, however, because the ITO layer is transparent. In 
addition, measurement of any misalignment may be difiScult 
because the pad pitch can become fine gradually. 
Accordingly, there continues to exist a need in the art for 
improved alignment tests which will allow increased pro- 
ductivity and reduced cost. 

SUMMARY OF THE INVENTION 

It is therefor an object of the present invention to provide 
improved liquid crystal displays and related methods. 

It is another object of the present invention to provide 
liquid crystal displays having improved alignment and 
related methods. 

These and other objects are provided according to the 
present invention by a liquid crystal display comprising a 
liquid crystal display panel. In addition, a dummy pad is 
provided on the face of the liquid crystal display panel 
wherein the dummy pad includes an alignment pattern 
therein. Accordingly, the alignment pattern can be used to 
determine any misalignment between the liquid crystal 
display panel and a bonding pad of a tape carrier package. 
In particular, the alignment pattern can be a vernier pattern 
or a saw tooth pattern. The liquid crystal display can also 
include a data/gate pad on the face of the liquid crystal 
display panel wherein the data/gate pad includes a metal 
layer. 

The Uquid crystal display can also include a tape carrier 
package layer adjacent the data pad and the dummy pad 
opposite the face of the liquid crystal display panel, and an 
out lead bonding pad on the tape carrier package layer 
adjacent the alignment pattern of the dummy pad wherein 
the alignment pattern indicates an alignment of the out lead 
bonding pad relative to the durmny pad. As discussed above, 
the alignment pattern can be used to determine misalignment 
between the liquid crystal display panel and the tape carrier 



package which can be bonded together. In particular, the 
liquid crystal display panel and the tape canrier package can 
be bonded by an anisotropic conductive material therebe- 
tween. 

5 The dummy pad can include a layer of a transparent 
conductive material on the alignment pattern, and the align- 
ment pattern can be a layer of a metal with the alignment 
pattern therein. This metal can be chromium or tantalum, 
and the dunmiy pad can include a layer of indium tin oxide 

10 on the alignment pattern. 

According to an alternate aspect of the present invention, 
a method for forming a liquid crystal display is provided. 
This method includes the step of forming a data pad on a 
face of a liquid crystal display panel wherein the data pad 
includes a first metal layer. In addition, a dummy pad is 
formed on the face of the liquid crystal display panel 
wherein the dummy pad includes an alignment pattern 
therein. 

According to the displays and methods of the present 
invention, misalignment between a liquid crystal display 
panel and a tape carrier package can be accurately deter- 
mined. Furthermore, misalignment can thus be reduced. 



20 



BRIEF DESCRIPTION OF TOE DRAWINGS 

FIG. 1 is a plan view illustrating an out lead bonding 
pattem for a liquid crystal display according to the prior art. 

FIG. 2 is a cross sectional view illustrating the out lead 
bonding pattem according to FIG. 1. 

FIG. 3 is a plan view illustrating an out lead bonding 
pattem for a liquid crystal display according to the present 
invention. 

FIG. 4 is a cross sectional view taken along section line 
A of FIG. 3. 

FIG. 5 is a cross sectional view taken along section line 
B of FIG. 3. 

FIG, 6 is a plan view illustrating an ITO pad after bonding 
a liquid crystal display panel and a tape carrier package 
40 according to the present invention. 

FIG. 7 is an enlarged view of the vernier pattem of FIG. 

7. 
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DETAILED DESCRIPTION 



The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
Tliis invention may, however, be embodied in many different 
5Q forms and should not be construed as limited to the embodi- 
ments set forth herein; rather, these embodiments are pro- 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. In the drawings, the thicknesses of layers 
53 and regions are exaggerated for clarity. Like numbers refer 
to like elements throughout. 

A liquid crystal display according to the present invention 
includes data/gate pads 20 and dummy pads 15, as shown in 
FIG. 3. In particular, the data/gate and dummy pads are 
60 formed on a liquid crystal display panel 150, such that the 
data/gate pads 20 are between two groups of the dummy 
pads 15 on the liquid crystal display panel. The data/gate and 
at least one of the dummy pads includes a metal layer 12 and 
an indium tin oxide layer 13 on an end portion of the metal 
65 layer. 

As further shown, another one of the dummy pads 15 
includes a metal pattem 32, and an indium tin oxide layer 33 
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can be formed on the metal pattern. The metal pattern 32 can 
include a vernier pattern 36, such as a saw tooth pattern at 
the end of the metal pattern. The metal pattern 32 can be 
formed from a layer of chromium or tantalum, and can be 
used to test alignment with tape carrier package pads. 

As shown in FIG. 4 and FIG. 5, the tape carrier package 
(TCP) out lead bonding (OLB) pads 40 correspond to 
respective indium tin oxide layers 13 and indium tin oxide 
layers 33. In addition, the TCP OLB pads 40 are bonded to 
the LCD OLB pads by the anisotropic conductive layer 
(ACL) 50 between the TCP panel 200 and the LCD panel 
150, The cross sectional view of FIG. 4 shows a portion of 
the ITO dummy pad 33 without the metal pattern 32, and the 
cross sectional view of FIG. 5 shows another portion of the 
ITO dummy pad 33 with the metal pattern 32. 

As shown in FIG. 6 and FIG. 7, a metal pattern 32 does 
not extend along an entire ITO dummy pad 33. The tape 
carrier package (TCP) pads 40 are arranged between respec- 
tive ITO dummy pads 32 when the tape carrier package pads 
and the ITO dummy pads are properly arranged. 
Accordingly, the vernier pattern 36 can be used to measure 
misalignment when the ITO dummy pads 33 are bonded 
adjacent the TCP pads 40. In particular, the alignment can be 
observed through the transparent ITO layer. The vernier 
pattern 36 of the metal patterns 32 of the ITO dummy pads 
33 are adjacent the TCP pads 40 as shown when the metal 
patterns and the TCP pads are properly aligned. 

The misalignment can be defined as the degree to which 
the ITO dummy pads 33 and the TCP pads 40 cross, and any 
misalignment thereof can be tested and reduced using the 
metal patterns and the vernier pattern. Accordingly, mis- 
alignment between the LCD panel and the tape carrier 
package can be tested with relative accuracy tising the metal 
patterns with the vernier pattem and the ITO layers, and the 
quality of the bonding of the LCD panel OLB pads and the 
TCP OLB pads can be increased. 

In the drawings and specificatioD, there have been dis- 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 

That which is claimed is: 

1. A liquid crystal display comprising: 

a liquid crystal display panel including a face; and 
a dummy pad on said face of said liquid crystal display 
panel wherein said dummy pad includes a first align- 
ment pattern wherein said first alignment pattern com- 
prises a first metal layer; 
wherein said dummy pad includes a second alignment 
pattem wherein said second alignment pattem com- 
prises a second metal layer spaced apart from said first 
metal layer wherein said dummy pad further comprises 
a continuous laver of a transparent conductive material 
on said first and second metal layers. 

2. A liquid crystal display according to claim 1 further 
comprising a data/gate pad on said face of said liquid aystal 
display panel wherein said data/gate pad includes a metal 
layer. 

3. A liquid crystal display according to claim 1 further 

comprising: 

a tape carrier package layer adjacent said dummy pad 
opposite said face of said liquid crystal display panel; 
and 

an out lead bonding pad on said tape carrier package layer 
adjacent said first alignment pattern of said dummy pad 
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wherein said first alignment pattern indicates an align- 
ment of said out lead bonding pad relative to said 
dummy pad. 

4. A Uquid crystal display according to claim 3 wherein 
S said liquid crystal display panel and said tape carrier pack- 
age are bonded together. 

5. A liquid crystal display according to claim 4 wherein 
said liquid crystal display panel and said tape carrier pack- 
age are bonded by an anisotropic conductive material ther- 

10 cbetween. 

6. A liquid crystal display comprising: 

a liquid crystal display panel including a face; and 
a dmnmy pad on said face of said liquid crystal display 
panel wherein said dummy pad includes an alignment 
pattem therein wherein said alignment pattem com- 
prises a vernier pattern. 

7. A Hquid crystal display according to claim 6 wherein 
said dummy pad comprises a layer of a transparent conduc- 
tive material on said alignment pattem. 

8. A liquid crystal display according to claim 6 wherein 
said alignment pattern comprises a layer of a metal with said 
alignment pattem in the metal layer. 

9. A liquid crystal display according to claim 8 wherein 
said metal is chosen from the group consisting of chromium 
and tantalum, 

10. A liquid crystal display according to claim 8 wherein 
said dummy pad comprises a layer of indium tin oxide on 
said alignment pattem. 

11. A method for forming a liquid crystal display, said 
method comprising the steps of: 

providing a liquid crystal display panel having a face; and 
forming a dummy pad on said face of said liquid crystal 
display panel wherein said dummy pad includes a first 
35 alignment pattem wherein said step of forming said 
dummy pad comprises forming a first metal layer; 
wherein said dummy pad includes a second alignment 
pattem wherein said step of forming said dummy pad 
comprises forming a second metal layer spaced apart 
40 from said first metal layer and forming a continuous 
laver of a transparent conductive material on said first 
and second metal layers. 

12. Amethod according to claim 11 further comprising the 
steps of forming a data pad on a face of a liquid crystal 

45 display panel wherein said data pad includes a metal layer. 

13. Amethod according to claim 11 further comprising the 
steps of: 

fonming an out lead bonding pad on a tape carrier package 
layer; and 

bonding said tape carrier package layer and said liquid 
crystal display panel so that said out lead bonding pad 
is adjacent said first alignment pattern of said dummy 
pad and said first alignment pattern indicates an align- 
ment of said out lead bonding pad relative to said 
dummy pad. 

14. A method according to claim 13 wherein said liquid 
crystal display panel and said tape carrier package are 
bonded by an anisotropic conductive material. 

15. A method for forming a liquid crystal display, said 
method comprising the steps of: 

providing a liquid crystal display panel having a face; 
forming a dummy pad on said face of said liquid crystal 

display panel wherein said dummy pad includes first 
65 and second spaced apart alignment patterns therein; 
forming an out lead bonding pad on a tape carrier package 

layer; and 
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aligning said out lead bonding pad using said first and 
second spaced apart alignment patterns. 

16. A method for forming a liquid crystal display, said 
method comprising the steps of: 

providing a liquid crystal display panel having a face; and S 
forming a dummy pad on said face of said liquid crystal 
display panel wherein said dummy pad includes an 
alignment pattern therein wherein said alignment pat> 
tern comprises a vernier pattem. 

17. A method according to claim 16 wherein said step of 
forming said dimimy pad comprises the step of forming a 
layer of a transparent conductive material on said alignment 
pattem. 

18. A method according to claim 16 wherein said step of 
forming said dummy pad comprises forming a layer of a 
metal with said alignment pattern in the metal layer. 

19. A method according to claim 18 wherein said metal is 
chosen from the group consisting of chromium and tanta- 
lum. 



20. A method according to claim 18 wherein said step of 
forming said dummy pad further comprises forming a layer 
of indium tin oxide on said alignment pattern. 

21. A liquid crystal display comprising: 

a liquid crystal display panel including face; and 
a dummy pad on said face of said liquid crystal display 
panel wherein said dummy pad includes an alignment 
pattem therein wherein said alignment pattem com- 
prises a saw tooth pattem. 

22. A method for forming a liquid crystal display, said 
method comprising the steps of: 

providing a liquid crystal display panel having a face; and 
forming a dummy pad on said face of said liquid crystal 
display panel wherein said dummy pad includes an 
alignment pattern therein wherein said alignment pat- 
tem comprises a saw tooth pattern. 
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ABSTRACT 



A pad for providing an electrical connection to a liquid 
crystal display (LCD) includes a first indium tin oxide (ITO) 
layer provided on a surface of an insulativc substrate. At 
least one metal layer is provided on the first ITO layer and 
a second TTO layer, in turn, is disposed on the metal layer so 
that the metal layer is eflfcctively embedded in TTO material. 
The metal layer is thus shielded from humidity effects and 
the resulting pad has in^>roved conductivity and reduced 
signal propagation delay. A recessed poition may be pro- 
vided in a top surface of the pad so ttiat a spherical conductor 
spreading during a subsequent bonding [K'ocess is prevented. 
The metal layer may be fabricated in the same step that the 
gate layer of a TFT is formed, and the second ITO layer may 
be formed concurrently with a pixel electrode of the LCD. 
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PAD FOR PROVIDING ELECTRICAL 12' in HG. 3A arc exposed to moisture, particularly during 

CONNECTION TO A LIQUID CRYSTAL humidity tests. The moisture can cause metal layer 12' to 

DISPLAY DEVICE wodc, resulting in a disconnection or a delay in a signal 

su[^lied from a driving IC to the LCD. 

This application is a cootinuatioQ of application Set. No. 5 Moreover, the pad is typically bonded to a tape carrier 

08/540,167, filed Oct, 6- 1995, now abandoned. package (TCP) containing LCD driver IC circuits by an 

anisotropic conductive layer (ACF). which includes conduc- 

BACKGROUND OF THE INVENTION jive spheres in an insulative medium. During the bonding 

1 Field Of The Invention process, also referred to a TAB or ti^ automated bonding. 

' , . ....... . 1 ^. , the ACF is sandwiched between the pad and the TCP. If the 

The prcstatinvenuon relates to a hquid crystal display ^ ^^^^^ ^^^^ 

Oiereinafter ^-LCD^) device, and more particuUriy to a pad conductive spheres to the pad, resulting in a poor 

structure for incorporation in an LCD to improve reLabihty ^^^^ LCD. 
and conductivity. 

2. Description Of The Prior Alt is SUMMARY OF THE INVENTION 
FIG. 2 illustrates a cross-sectional view of a conventional The present invention is directed to solving the above- 
thin fUm transistor (TFT) which may be incorporated into an described problems. Accordingly, it is an object of the 
LCD. The conventional thin film transistor includes a sub- present invention to provide a pad for use in an LCD and 
strate 11 on which a metal layer patterned to form gate related fabricatioD method thereof having improved reliabU- 
electrode 12. Insulating layers 13 and 14. constituting a 20 ity against humidity and increased conductivity when 
douUe-layered structure, are provided on gate electrode 12. bonded with ACF conductive spheres. 
A semiconductor layer 15 is then formed on the double layer An additional object of the present invention is to provide 
insulative structure with source and drain electrodes^ 16 and a suitable conductive pad for an LCD when poitions of (he 
17, respectively famed on opposite sides thereof, but not pad-forming metal is oxidized. 

extending entirely over the top surface of gate electrode 12, 25 ^ ^^^^^ p.^^^^ invention is to provide a 

A transparent conductive layer is provided over the entire pad of a liquid crystal display device which can maintain 

surface of the substrate and is patterned to form pixel adequate electrical contact when the conductive spheres of 

electrode 18. As shown in FIG. 2, pixel electrode 18 is the ACF arc pressed against the top suri"ace of the pad, 

coupled to source electrode 16. LasUy. a passivation layer 19 Additional objects and advantages of the invenUon will be 

is deposited over the exposed surfaces of the electrodes and ^ set forth in part in the description which foUows, and in part 

semiconductor layer 15* thereby completing die TFT struct ^ obvious from the description, or may be learned by 

turc- practice of the invention. The objects and advantages of the 

FIG. 1 illustrates a conventional lay out cf pad electrodes Invention will be realized and attained by means of the 

20 and TFT gate electrodes 12 on the surface of substrate 11. dements and combinations paiticularly pointed out in the 

As seen in FIG. 1. selected pads 20 are coupled to respective impended claims. 

gate electrodes 12 of plural TFTs of the structure shown in achieve these objects in accordance with the purpose 

FIG. L Pads 20 are preferably formed during fabrication of ^f the invention, as embodied and broadly described herein, 

the ins. an electrical contact is provided whidi courses a first 

A coDventiooal pad structure 20 Is described in VS. Pat ^ layer of electrically conductive material and a second layer 

No. 5 J46J01 and is illustrated in FIG. 3A. This pad of electrically conductive material The second layer of 

structure includes a pad-forming metal layer 12* and a electrically conductive material is transparent. The first 

transparent conductive layer 18* provided on one another as conductive layer is embedded in said first layer, 

shown in FIG. 3A. Pad forming metal layers 12* and Further in accordance with the present invention, a 

transparent conductive layers 18' are deposited and pat- method is provided for fabricating a pad for making an 

lemedalong with gate electrodes 12 and pixel electrodes 18 electrical connection to a liquid crystal display device 

of the TFTs. The resulting pad structure shown in FIG. 3A including a first electrode, a data supplying second 

includes layers 12* and 18' having the same width, electrode, and a pixel-driving third electrode. Specifically. 

An alternative conventional pad structure is Illustrated in the method comprises a first step of fOTming a first conduc- 

FIG. 3B. wherein the transparent conductive layer 18' covers tivc layer having a first widdi on a sutwtralc. the first 

the top surface as well as side surfaces of metal layer 12'. conductive layer is substantially transparent In a second 

This pad structure is described in further detail in U.S. Pat step, a metal layer is deposited over first and second pcftions 

No. 5 , 1 87,604. of the substrate and patterned to form the first electrode over 

In the above described pad stnicmres, however, metal the first portion of the substrate and a first metal layer having 

layer 12' is typically etched along with the TTF gate elec- 53 a second width over the second portion of die substrate. The 

nrodes with a metal etching solution. Frequentiy, a portion of first metal layer being interposed between the second portion 

the glass substrate adjacent the metal layer can also be of the substrate and the first metal layer, 

etched by the metal etching solution. In which case, poitions A conductive material is then deposited on the substrate; 

of the metal layer can be exposed to moisture, thereby the conductive material is substantially transparent The 

forming an oxide which reduces the cxwductivity of the pad. ^ conductive material is then patterned to form the third 

FtJitfaer. side surfaces of the metal layer 12* in the pad electrode over the first portion of the substrate and a second 

structure shown in HG. 3A are susceptible to oxidation conductive Uycr over the second portion of the substrate, 

during deposition of the transparent conductive layer 18' The second conductive layer has a third widtii sufficient to 

(typically indium tin oxide or ITO). Such oxidation can entirely cover the metal layer so tiiat the me^ layer is 

render metal layer 12' nonconductive and prevent appAicsL- 65 embedded between the first and second conductive layers, 

tion of an external signal to the LCD. In addition, during ft Is to be understood that both the foregoing general 

subsequent reliability tests, the side surfaces of metal layer description and the following detailed description are exem- 
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pUry aDd explanatcvy only and are not festdctive of tures. F<y example, the metal layer of t he pa d may be foirocd 

invention, as claimed. simultaneously with the gates of the TFTs and the second 

The accompanying drawings, which arc incorporated in transparent conductive layer may be formed along widi the 

and constitute a part of this specification, illustrate several P^^^ electrodes. 

embodiments of the invention and together with the 5 Referring to FIG. 4. a first embodiment of the present 

description, serve to nplain the phndpies of the invention. invention will now be described. An LCD pad 40 includes 

a first transparent conductive layer 42 provided on an 

BRIEF DESCRIPriON OFTHE DRAWINGS insulativc substrate 41. A single layer of metal 43 is p-ovidcd 

^ ^ . . r • T r^T> on fif St transparent conductive layer 42. preferably made of 

FIG. 1 shows a plan view of a conventional LCD; ,o j^q ^^y^ ^ narrower than f\rst transparent 

FIG. 2 is a cross- sectional view of a convenUonal thin film conductive layer 42. A second transparent conductive layer 

transistcff; 45, preferably ITO. is disposed on metal layer 43. The width 

FIG. 3A is cross-sectional view of a conventional pad for of the second transparent conductive layer 45 is preferably 

incorporation in an LCD; greater than the width of the metal layer so that the second 

FIG. 3B is a cross-sectional view of an alternative con- transparent conductive layer 45 completely covers metal 

ventional pad for incorporation in an LCD; iaycr 43. In the pad structure shown in FIG. 4, metal layer 

FIG. 4 is a aoss-sectional view of a pad in accordance ^3 is effeoively embedded in the tnmsparent conductive 

with a first embodiment of the present invention; ^' ^ , 

ma 5 is a cross-sectional view of a pad in accordance ^ A method ^ fojmi«g *c <^^<«J»«'^° 

with a second embodiment of the present invention; f<>w be desmT>ed^W^^^^ ''I?!]^;^ 

. . ^ ^ , ^ layer of rrO is deposited on substrate 41 and patterned 

FIG. 6 rs a cross-scctional view of a pad in accoidancc photolithographicaUy to form first transparent conductive 

with a third embodiment of the present mvention; f^^^ ^ ^ ^ of the TFT b 

FIG. 7 is a cross-sectional view of a pad in accordance formed, a metal such as ahumnum, aluminum tantalunou or 

with a fourth embodiment of the present invention; ^ inolybdenum, is preferably sputtered onto the surface of the 

FIG. 8 is a cross- sectional view of a pad in accordance substrate and patterned, preferably using a wet etcfa. to form 

widi a fifth embodiment of the present invention; metal layer 43. Accordingly, metal layer 43 consists of the 

FIG 9 is a plan view of a pixel; same metal as die gale of the TFT. Lastly, during the step in 

FIG. 10 is a plan view of an alternative TFT; and 30 "^^"^ **^f 5^'!,'^^^.^ ^T^"^L1^.^1^u^^^^ 

^ ^ . . IS deposited and patterned to form second conductive layer 

FIG. 11 is a cross-sectional view taken along line A-A m ^ 

As shown in FIG. 5, a pad structure 40 in accordance with 

DETAILED DESCRHTION OF THE * second embodiment of the present invention is similar to 

PREFERRED EMBODIMENTS the first embodiment with the exception that an additional 

layer 44, preferably including metal and having a width less 

Reference will now be made in detail to the present ^^j^ ^ equal to metal layer 43. is provided on metal layer 

preferred embodiments of the invention, examples of which 43. xhe second trani^arent conductive layer 45, in turn, is 

are illustrated in the accompanying drawings. Wherever disposed on metal layers 43 and 44 and has a width sufficient 

possible, the same reference numbers will be used dirough- xo cover both of these layers. Accordingly, both layers 43 

out the drawings to refer to the same or liloe parts. ^ and 44 arc embedded in the transparent conductive material 

In accordance with present inveotion, the metal layer cf a of layers 42 and 45. In this embodiment conductive layer 44 

conductive pad Is preferably embedded in a transparent is included to provide redundancy, 

conductive material for an LCD, such as indium tin oxide a method for fabricating the pad structure shown in FIG. 

(ITO), formed on tiie surface of an insulative substrate. Wtfa 5 is similar to that discussed above with reference to FIG. 4. 

this pad structure, the metal layer is shielded from moisture However, after metal layer 43 is deposited during the gate 

and remains highly conductive and reliable even in severe forming process, the metal layer 44 is formed along with the 

humidity conditions. source and drain electrodes of the TFT and preferably 

The pad is preferably formed on the surface of an insu- consists <tf the same material as these electrodes. Namely, 

lative substrate by providing a first transparent conductive yy metal layer 44 is preferably formed by depositing source/ 

layer, i.c., one thai is transmissivc to visible light At least drain electrode metal and pattmiing using a wet ctcAu 

one metal layer is then provided on die first transparent a pad structure 40 in accordance with a third embodiment 

conductive layer where the metal layer has an area less than of the present invention will now be described with rcfcr- 

the area of the first transparent conductive layer. Lastiy, a enoe to FIG. 6. In this embodiment, the second electrode 

second transparent conductive layer is formed on the metal layer 44 is provided as two separate layers 44a and 44& on 

layer having an area greater than the area of the metal layer the opposed sides of metal layer 43. Preferably, layers 44o 

so as to completely cover the metal layer. In the resulting and 44^ cover respective side surfaces of metal layer 43 and 

structure, the metal layer is embedded (wrapped) entirely in extend over respective portions of the top surface of metal 

the transparent conductive material. layer 43. The second transparent conductive layer 45*, in 

Further, in accordance with another feature of the jffesent « ^urn^ ^ deposited to cover the exposed surfaces of each of 

invention, a recessed portion is provided in the top pad layers 43, 44a and AAb. The resulting structure has a 

surface, which prevents conductive spheres from spreading recessed portion 50, which prevents spreading of conductive 

onthetopsurfoceofthepadduringTAB.Areliablepadwidi spheres in the ACF during tiie bonding process, 

low resistance is thus obtained. A pad structure in accordance with the fourth embodiment 

Ptefeiably. the pad is formed on the same substrate as the 65 is illustrated in FIG. 7. The fourth embodiment is sirmlar to 

TFTs of the LCD and includes conductive layers whidi are the third embodiment in that it includes first and second 

formed simultaneously witii various TFT electrode stnic- transparent conductive layers 42 and 45, and metal layers 43 
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and 44. In this embodiment, as in each of the above nificantly increase the resistance of tiie pad. This is because 

described embodiments, metal layer 43 is nazrower than first the metal layer is embedded betvveen the ITO layers, which 

and second conductive layers 42 and 45. The metal layer 44 are themselves conductive. The integrity of the pad is thus 

in this embodiment, however, is provided as spaced layers maintained and electrical discontinuity or signal delay is 

44c and 44d only on the top surface of metal laycx 43. As 5 prevented. 

further shown in FIG. 7. layers 44c and 44d arc disposed Other embodiments of the invention will be apparent to 

adjacent side edges of the top surface of metal layer 43. those skilled in the art from consideration of the specifica- 

The pad structure 40 in accordance with a fifth embodi- tion and practice of the invention disclosed herein. It is 

ment of the present invention is similar to that of the fourth intended that the spedlication and examples be considered 

embodiment. As shown in FIG. 8, however, electrode layers lo as exemplary only, with a true scope and spirit of the 

44e and 44/ are provided adjacent respective side surfaces of invention being indicated by the following claims, 

metal layer 43 and do not overly the top surface thereof. What is claimed is: 

Preferably, a sum of the widtiis of elecdrodes layers 44^ and 1. An electrical contact con^rising: 

4^ and metal layer 43 is less than the width of second a first layer of electrically conductive material; and 

transparent conductive layer 45. 15 a second layer of electrically conductive material, said 

The pads illustrated in FIG. 6-8 are formed in substan- second layer of electrically conductive material being 

tially the same fashion as the pad shown in FIG. 5. That is. transparent 

metal layers 44 are foraied in the same step as the source and wherein said first layer of electrically conductive material 

drain electrodes of the TFTs. In FIGS. 6-8. however, the is embedded entirely widiin said second layer, 

metal layers are patterned differently in order to obtain die ^ 2. An electrical contact in accordance with claim 1. 

structures illustrated in these drawings. wherein said second layer of electrically conductive material 

In each of die embodiments illustrated in FIGS. 6-8. a further con^ses: 
recessed portion 50 is provided in a substantially cenual a first conductive sublayer on the substrate; and 
location at ^e top surface of the pad 40. Hiis recessed a second conductive sublayer disposed on said first con- 
portion prevents spreading of the conductive spheres or balls ^ ductive sublayer. 

in the ACF. A proper electrical connection can thus be 3.Anelectricalcontactinacoordancewidi I. wherein said 

obtained having improved reliability as well as high con- first conductive sublayer has a top surface and first and 

ductivity. second side surfaces, said second conductive sublayer 

FIG. 9 illustrates a plan view of a pixel having a storage includes first and second pcrti<m5, said first portion of said 

capacitor which can be used in conjunction with the above second conductive sublayer covering at least a part of said 

described pad structure. As shown in FIG. 9. gate electrode first side surface and a first pcfftion of said top surface of said 

wiring 43* and data wiring 44' couple signals to the TFTs. A first conductive sublayer, and said second portion of said 

first transparent conductive layer 42\ which is also fcvmed second conductive sublayer covering at least a part of said 

at the pad location layer, is i»ovided beneath a pixel elec- second side surface and a second portion of said top surface 

trode 45*. An insulating layer, such as illustrated at 46 in of said first conductive sublayer. 

FIG. 11* is sandwiched between conductive teyer 42* and 4. An electrical contact in acccxdance with 1, wherein said 

laxel electrode 45*. The resulting storage capacitor has first conductive sublayer has a top surface, said second 

increased area, and, thus, a rektively high capacitance. conductive sublayer includes first and second portioDS, said 

FIG. 10 illustrate a pixel in whidi die above-described ^ first portion of said second conductive sublayer covering a 

pad structure is used, while FIG. 11 shows a cross-sectional first portion of said top surface of said first conductive 

view of diis device. As shown in these figures, an insulating sublayer, and said second poiticm of said second conductive 

layer 46 is sandwiched between a first transparent conduc- sublayer covering a second portion of said top surface of 

five layer 42 and a second transparent conductive layer 45, said first conductive sublayer. 

which, in this portion of the LCD. constitutes a pixel S.An electrical contact in accordance with 1, wherein said 

electirode. First conductive layer 42* (which is also used in first conductive sublayer has first and second side surfaces, 

the pad) is partially under by the gate electrode wiring 43' said second conductive sublayer includes first and second 

and thus serves as redundant gate wiring, therein reducing portions, said first portion of said second conductive sub- 

thc electrical resistance thereof. layer covering at least a part of said first side surface, and 

The above described device structures in whidi die first 5^ P^°° ^^^^^ conductive subUycr 

transparent conducive layer is used both in tiie pad and in the covering at least a part of said second side surface. 

TFT, we so have an inaeased aspect ratio and tiierefore ^ ^n electrical contact comprising: 

reduce power consun^on. a substrate; 

As noted above, the pad in accordance with tiie present a first layer of electrically conductive material: and 

invention includes a metal layer enclosed or embedded ^5 a second layer of electrically conductive material pro- 

entirely witiiin transparent conductive material so that It is vided on said substrate to entirely embed said first layer 

not affected by humidity, which would otiierwise cause the of electrically conductive material within said second 

metal layer either a break in the electrical continuity or delay layer, said second layer of electrically conductive mate- 

a signal supplied firom a driving IC Reliability is thus rial including a recessed portion ad^ted to receive a 

improved. ^ substantially round electrical conductor. 

Fintfaer, a substantiaUy central portion of a top surface of 7. A pad for providing clectricad contact to a tiquid crystal 

ttie pad is recessed to prevent spreading of the conductive display device, said pad comprising: 

spheres or balls in the ACF. Accordingly, signal delay is a first conductive layer having a first widdi, said first 

further minimized. conductive layer being transparent; 

Moreover, even though die pad forming metal layer may 65 a second conductive layer including a metal, said second 

be oxidized somewhat during the steps of depositing the conductive layer having a second width and t>eing 

transparent conductive layer, such oxidation does not sig- formed on said first conductive layer and 
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a third conductive layer having a third width, said third 
conductive layer being transparent to visible electro- 
magnetic radiation and being formed in contact with an 
upper pcfftioQ of said second conductive layer and an 
edge portion of said first conductive layer. 5 

8. A pad in accordance with claim 7, wherein said second 
width is less than said iirst width. 

9. A pad in acccH^dance with claim 7. wherein said third 
Width is at least equal to said first width. 

10. A pad for providing electrical contact to a liquid lo 
crystal display device comprising: 

a first conductive layer being transparent and having a 
first width; 

a second conducdve layer including a metal and having a 
second width less than said first width* said second 
conductive layer being formed on said first conductive 
layer; and 

a third conductive layer being transparent and having a 
third width at least equal to said first width: said third ^ 
conductive layer foimed in contact with an edge por- 
tion of said first conductive layer and an upper portion 
of said second conductive layer. 

wherein said second conducdve layer is embedded 
between said first and third conductive layers. 25 

11. A pad for providing electrical connection to a liquid 
crystal display device comprising: 

a first conductive layer being transparent and having a 
first width; 

a second conductive layer including a metal and having a ^ 
second width less than said first width, said second 
conductive layer being formed on said first conductive 
layer; 

a third conductive layer including a second metal and 
having a third width, said ttiird conductive layer being 
formed on said second conductive layer, said second 
width being at least equal to said third width; and 

a fourth conductive layer being transparent and having a 
fourA width at least equal to said first width, said f ourtti ^ 
conductive layer fcxmed in contact widi an upper 
portion erf said diird conductive layer and an edge 
portion of said first conductive layer. 

wherein said second and third conductive layers are 
embedded t)etween said first and fourth conductive 45 
layers. 

12. A pad for providing electrical connection to a liquid 
crystal display device comprising: 

a first conductive layer being transparent and having a 
first width; so 

a second conductive layer including a first metal and 
having a second width less than said first width, said 
second conductive layer being fomied on said first 
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conductive layer, said second conductive layer includ- 
ing a first edge portion and a second edge portion; 
a third conductive layer including a second metal and 
having a first edge portion and a second edge portion; 
and 

a fourth conductive layer being transparent to clcctromag- 
nedc radiation and having a third width at least equal to 
said first width, said fourth conductive layer covering 
said first and second conductive layers and said first 
and second parts of said third conductive layer. 

13. A pad for providing electrical connection to a liquid 
crystal display device comprising: 

a first conductive layer being transparent and having a 
first width; 

a second conductive layer including a first metal and 
having a second width less than said first width, said 
second conductive layer being formed on said first 
conductive layer, said second conductive layer includ- 
ing a first edge portion and a second edge portion; 

a third conductive layer including a second metal, and 
having a first edge portion and a second edge portion; 
and 

a fourth conductive layer being transparent and having a 
third width at least equal to said first width, said fourth 
conductive layer covering said first and second con- 
ductive layers. 

14. A pad for providing electrical connection to a liquid 
crystal display device comprising: 

a first conductive layer being transparent and having a 
first width; 

a second conductive layer including a first metal and 
having a second width less than said first width, said 
second conductive layer being formed on said first 
conductive layer, said second conductive layer includ- 
ing a first side surface and a second side surface; 
a third conductive layer including a second metal and 
having a first part provided on said first side suifEioe and 
a second part provided on said second side surface, said 
first and second parts having widdis less than said 
second widdi; and 
a fourth conductive layer being transparent to radiation 
and having a third width at least equal to said first 
width, said fourth conductive layer covering said first 
and second conductive layers and said first and second 
parts of said third conductive layers. 
15- A pad in accordance with claim 14, wherein said diird 
width is greater than a sum of said second width and said 
widths of said first and second parts of said tiiird conductive 
layer. 

♦ * ♦ * * 
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